Objectives: The role of post-mortem following thoracic surgery has not been previously studied. Most importantly, the clinical diagnosis of thoracic surgical mortality cannot be certain unless post-mortem analysis has been performed. Methods: Consecutive post-mortem data were collected on 110 patients between 1992 and 2001 (66.3% of all in-hospital thoracic surgical deaths). Clinically attributed causes of death were compared with post-mortem findings. Results: A total of 4302 thoracic operations were performed during the 10-year period, with overall mortality 3.8%. The mean age was 63.6 years (range 21 -87) with 73.6% male. In the 110 patients undergoing post-mortem examination, the operations performed were pneumonectomy 24.5%, lobectomy 14.5%, oesophagectomy 12.7%, lung biopsy 8.2%, pleurectomy/bullectomy 6.4%, decortication 4.5%, lung volume reduction 1.8%, other thoracic 13.6%, other oesophageal 9.1%, and other procedures 4.5%. The mean time to death was 12.5 days (range 0 -85). The causes of death were respiratory 47.3%, cardiac 16.4%, multiple organ failure 8.2%, sepsis 6.4%, gastrointestinal 4.5%, haemorrhage/technical failure 10%, and others 7.3%. Post-mortem revealed an unsuspected cause of death in 34 (31%) patients, comprising pulmonary 17, cardiac 5, gastrointestinal 3, haemorrhage/technical failure 2, multiple organ failure 2 and other 5. Conclusion: Post-mortem determined unsuspected diagnoses in a high proportion of patients undergoing thoracic surgery. Post-mortem continues to be the 'gold standard' method for attributing the cause of death. Accurate outcome data following thoracic surgery are essential for proper audit, and hence for improvements in clinical practice to occur. q
Introduction
Accurate diagnosis of the cause of death in patients undergoing thoracic surgery can be difficult and the clinical presumption of the cause of death may be misleading [1] . The outcome from post-mortem analysis can yield unexpected findings about the actual causes of post-operative deaths. In patients undergoing cardiac surgery, we have previously reported that 11% patients died of unsuspected causes [2] . Despite this, the role of post-mortem following thoracic surgery has not been previously studied.
Post-mortem analysis is also a valuable tool for audit and educational purposes. It is important to learn from past mistakes and experiences so that we can improve on the surgical management and clinical outcome of thoracic surgery. In this study, the post-mortem rate is high. The aim was to determine the causes of death following thoracic surgery and to compare the presumed versus actual postmortem causes of death.
Methods
Post-mortem data were collected on all in-hospital thoracic surgical deaths between 1992 and 2001 in a single cardiothoracic centre. Pulmonary transplant and pulmonary thrombo-endarterectomy deaths were excluded. All patients in whom a cause of death cannot be given, must be referred to the coroner, who will require a post-mortem examination to be performed. For all other cases, the patients' families are approached for their consent to a post-mortem examination being performed. A standardised request form was used for both hospital and coroner's post-mortem. This included the clinical details of the patient as well as the clinically suspected cause of death. The rate of coroner's post-mortem at our institution was 85% during the study period. The post-mortem rate at our institution is high and compares with a historic hospital post-mortem rate in UK of 15 -20% [3, 4] , although this is probably much lower in more recent years. The post-mortem request forms were analysed to obtain the presumed clinical cause of death. The post-mortem and clinical causes of death were then compared. Multiple preoperative variables for each patient were also obtained from a hospital database recorded at the time of surgery. The variables collected included age, sex, operation, body mass index, diabetes, smoking history, haemoglobin, creatinine and pulmonary function tests such as forced expiratory volume in one second (FEV1), functional vital capacity (FVC) and total lung capacity (TLC).
Histological examination was performed on all patients, and each patient underwent standard sampling of the remaining pulmonary tissue as well as other relevant organs. Close attention was paid to the surgical field of operation, to evaluate whether there were complications directly attributable to the operative procedure. Following this, the cause of death was established. Causes of death were given in Office of population census surveys (OPCS) format, and in most cases finally attributed to the underlying disease process which had required surgical intention.
Results
There were 4302 thoracic operations performed during the 10-year period with 165 deaths representing an overall in-hospital mortality of (3.8%). Post-mortem examination was performed on 110 patients (66.3%). The mean age at death was 63.6 years (range 21 -87) with 81 (73.6%) male and 29 (26.4%) female patients. The proportion undergoing pneumonectomy was 24.5%, lobectomy 14.5%, oesophagectomy 12.7% and other procedures 48.3%. The type and percentage of operations performed are shown in Table 1 .
Review of specimen excised at the time of operation, confirmed the pre-operative diagnosis in all cases. The mean time to death was 12.5 days (range 0 -85). The causes of death are summarised in Table 2 . Post-mortem revealed an unsuspected cause of death in 34 (31%) patients, comprising mostly of pulmonary 50% and cardiac 14.7%. The commonest unsuspected diagnoses were pulmonary causes, with pneumonia 7 (20.6%), pulmonary embolism 6 (17.6%) and adult respiratory distress syndrome/respiratory failure 4 (11.8%). The unsuspected causes of death are summarised in Table 3 . Clinically attributed causes of death are compared with the post-mortem findings and are shown in Table 4 .
The operations performed on patients dying of pulmonary causes were eleven pneumonectomy, nine lobectomy, five oesophagectomy, five open lung biopsy, two video assisted thoracoscopy (VATS) lung biopsy, five open thoracotomy drainage of pus, three oesophageal dilatation, and one each for bilateral bullectomy, bilateral lung volume reduction, VATS drainage of pus, removal of oesophageal stent, rigid bronchoscopy, insertion of tracheal tube and thoracoplasty. The causes of death in patients undergoing the different operation types are shown in Table 5 .
There were eleven deaths due to surgical misadventure. 
Discussion
In this study, we have shown that post-mortem can reveal an unsuspected cause of death in approximately one third (31%) of patients undergoing thoracic surgery. The commonest unsuspected diagnoses were mostly potentially preventable or treatable conditions such as pneumonia and pulmonary embolism. It is possible that a prompt diagnosis during life and treatments such as ventilation, chest physiotherapy, anticoagulation and antibiotic therapy would have altered the outcome in these patients.
Post-mortem continues to be the 'gold' standard method for attributing the actual cause of death [3 -5] . Accurate outcome data following thoracic surgery are essential for proper audit. Our data showed that clinical attribution of the cause of death may often be misleading. Valuable lessons can be learned from post-mortem which may possibly lead to improvement in clinical practice and hence, the outcome of thoracic surgery. We have also found that due to the limited number of pre-operative variables examined in this study, they have little clinical significance in terms of predicting the actual cause of death. Overall, it has not been possible to accurately identify pre-operatively the patients at increased risk of post-operative causes of death. However, pre-operative FEV1 tended to be lower in patients dying of respiratory causes (FEV1 ¼ 1.7) and multiple organs failure (FEV1 ¼ 1.5) compared with the average FEV1 in patients dying of non-respiratory causes (FEV1 ¼ 1.75).
There are no previous studies of post-mortem following thoracic surgery. However, when comparing this study with previous studies of post-mortem following cardiac surgery [1, 2, 6] , there was a considerably higher number of patients with unsuspected causes of death. In cardiac surgical patients, post-mortem revealed that 11% of the patients died of unsuspected causes of death [2] , compared to the 31% of the patients following thoracic surgery in this study. The cardiac post-mortem rate at 84.4% was higher compared with the thoracic post-mortem rate of 66.3%. One explanation could be that the on-table death or immediate peri-operative mortality for thoracic surgery, which requires mandatory post-mortem examination in our hospital, are much less common than following cardiac surgery. In addition, patients undergoing thoracic surgery are more likely to have a diagnosis such as cancer, for which the clinicians may be more confident of the clinical causes of death, and possibly more reluctant to seek permission from families to perform post-mortems. However, the postmortem rate at our institute is still very high when compared with the mean hospital post-mortem rate in UK of 15-20%.
In conclusion, post-mortem can determine unsuspected diagnoses in a clinically significant proportion of patients undergoing thoracic surgery. In addition, the data collected for pre-operative variables are insufficient to correlate with the actual cause of death found at post-mortem. A correlation study between pre-operative risk factors, perioperative data and post-mortem findings is not possible in a study of this size. However, post-mortem information continues to be the 'gold' standard outcome measure, which underpins the improvements in clinical standards we all seek.
Dr P. Macchiarini (Hannover, Germany): I have a question concerning the results. You said that the respiratory causes were the most important postmortem causes among this population. Could you eventually split the data and tell us whether or not they were related to the cancer or to other types of well-known diseases?
Dr Ooi: In the traditional teaching, cardiac is regarded as the number one cause of mortality after thoracic surgery. However in this post-mortem study, we clearly show that respiratory cause is the highest cause of Dr Ooi: Yes. Actually, at Papworth the reason for performing a postmortem examination is if the cause of death is uncertain. Also, it is the policy of the hospital, and for the coroner, if the patient died during the operation or immediately post op. And also the family members are approached to obtain a consent for a post-mortem examination to be performed.
Dr Jeyasingham: You failed to obtain a PM in nearly 33% of your series and in only a third of those did you find unexpected causes?
Dr Ooi: Yes. Dr Jeyasingham: And therefore, is it correct to translate this to all cases? Is it possible that where you did not obtain a PM that the cause was obvious?
Dr Ooi: Yes. Ideally postmortem should be performed in all patients so that I can give a clearer picture of the outcomes of the surgery. This is why it is very important to perform a post-mortem examination in order to know the actual cause of death.
Dr Jeyasingham: A fair proportion of your unexpected causes was pulmonary embolism.
Dr Ooi: Yes. Dr Jeyasingham: Was it possible to correlate the pulmonary embolism to the clinical features prior to death or was it an incidental finding, because quite a few patients who die after a prolonged period of ICU care do show.
Dr Ooi: Some sort of microembolism, yes. Some of these cases that the study show, pulmonary embolism is not a coincidental finding. It's the major number one cause of death.
Dr van Raemdonck (Leuven, Belgium): You are pointing out that the postmortem report is important to have a final diagnosis of the cause of death. I want to turn it upside down and I want to say that it is important that the surgeon is there at the time of postmortem, because sometimes the pathologists will miss surgical complications that we are aware of.
Dr Ooi: Yes, it is therefore important that they work together, yes.
